ABSTRACT: Hyalinobatrachium orientale has a complex taxonomic history suggesting that more than one species could be under this name. In this review, we try to clarify the current taxonomic status of this species by means of morphological, bioacoustic, and mitochondrial DNA sequence comparisons of specimens from Tobago Island and the Venezuelan Cordillera de la Costa (Oriental Sector, Cordillera del Litoral and Cordillera del Interior). Our data support the resurrection of Hyalinobatrachium orocostale, restricted to the Cordillera del Interior. Additionally, specimens from Cordillera del Litoral and Oriental Sector do not form a monophyletic group; hence, we define as Hyalinobatrachium sp. the populations from Cordillera del Litoral and H. orientale sensu stricto the populations from the Oriental Sector. Preliminary bioacoustic and morphological analyses indicate that the populations from Tobago are conspecific with Hyalinobatrachium orientale sensu stricto.
FROGS of the subfamily Centroleninae (Frost et al., 2006) , also known as glassfrogs, constitute a monophyletic group (e.g., Darst and Cannatella, 2004; Frost et al., 2006; Guayasamin et al., 2008; Ruiz-Carranza and Lynch, 1991; Wiens et al., 2005 ) that currently contains 147 species (AmphibiaWeb, 2006) distributed throughout the Neotropical wet forests. Glassfrogs are currently classified in four genera: Centrolene, Cochranella, Hyalinobatrachium and Nymphargus (CisnerosHeredia and McDiarmid, 2007; Ruiz-Carranza and Lynch, 1991) , and although its alpha diversity has experienced an increase during recent years (Frost, 2007) , several taxonomic problems remain unresolved (e.g., Cisneros-Heredia and McDiarmid, 2007; Guayasamin et al., 2008; Kok and Castroviejo-Fisher, 2008; Kubicki, 2007) .
In this work we re-evaluate the taxonomic status of Hyalinobatrachium orientale (Rivero, 1968) . This species has a complicated history, and several authors suspect that it is a complex of various cryptic species (Myers and Donnelly, 1997 ; Señ aris and Ayarzagü ena, 2005).
As things stand, H. orientale is distributed throughout the central eastern ranges of the Cordillera de la Costa (coastal mountain range) in Venezuela and several localities in Tobago Island with an altitudinal range of 190-1200 m (Señ aris and Ayarzagü ena, 2005). Prior to the description of H. orientale, specimens of this species were mainly assigned to Centrolenella fleischmanni (Goin, 1964) or C. cappellei (S. Castroviejo-Fisher, personal observation of museum materials, MBUCV 3018), now in the synonymy of H. fleischmanni after Goin (1964) . Later, Rivero (1968) described C. orientalis (from Cerro Turimiquire, Oriental Sector, Fig. 1 , in the border of Sucre and Monagas, Venezuela) and C. orocostalis (from Cerro Platilló n, Cordillera del Interior, Central Sector, Guárico, Venezuela) based on comparisons of just one specimen of C. orientalis (the holotype) and eight of C. orocostalis (type series). The two species were differentiated by head shape, tympanum visibility, white tunic around the eye and size of melanophores. Hardy (1982) tentatively identified a Centrolenella from Tobago as orientalis. Later, he (Hardy, 1984) described the Tobago specimens as C. o. tobagoensis. Cannatella and Lamar (1986) reviewed the taxonomic status of C. orientalis, C. o. tobagoensis and C. orocostalis and concluded that they constituted a single species (C. orientalis) distributed from Colombia to the Venezuelan Guayana and Tobago through the Cordillera de la Costa and that the variation among specimens did not represent separate taxonomic entities but just interpopulation variability. Ruiz-Carranza and Lynch (1991) placed C. orientalis in the genus Hyalinobatrachium, and Murphy (1997) continued to recognize the subspecies tobagoense (5 tobagoensis). Ruiz-Carranza and Lynch (1998) thought that the material from Colombia that Cannatella and Lamar (1986) assigned to H. orientale was wrongly identified but, to our knowledge, did not provide a new identification.
Señ aris and Ayarzagü ena (2005) reviewed the taxonomy of Venezuelan glassfrogs and identified as Hyalinobatrachium crurifasciatum Myers and Donnelly the specimens from La Escalera (Bolívar, Venezuela) that Cannatella and Lamar (1986) cited as H. orientale. In spite of noticing some differences between populations (coloration in life and vocalizations), they also considered H. orocostale (5 orocostalis) as a junior synonym of H. orientale because they considered that the available data did not support specific differentiation between the populations (Señ aris and Ayarzagü ena 2005:217). However, Señ aris and Ayarzagü ena (2005) excluded from the species's distribution the localities from the Cordillera del Litoral (Central Sector, Aragua, Venezuela) cited by Cannatella and Lamar (1986) , where one of the paratypes of H. orocostale was found. Señ aris and Ayarzagü ena (2005) suggested that the specimens from the northern versant of the Cordillera de la Costa assigned to H. orientale by Cannatella and Lamar (1986) were most likely H. fragile Rivero; however, Señ aris and Ayarzagü ena (2005) refrained from proposing any taxonomic change because specimens were not examined.
Here we test the hypothesis that Hyalinobatrachium orocostale is a different species from H. orientale by means of an integrative taxonomy approach . We use morphology, molecular phylogenetics, and bioacoustics to study species boundaries, provide new data on the advertisement call of the populations from Tobago, and comment on the cryptic diversity of H. orientale.
MATERIALS AND METHODS

Nomenclature and Terminology
We used the supra-generic classification of Frost et al. (2006) . We are aware that this classification may be changed in the future (Guayasamin and Trueb, 2007 ), but we chose to follow it until a detailed systematic study of the family is conducted. We followed Lynch (1991, 1998) for the generic and infra-generic classification. However, following Cisneros-Heredia and McDiarmid (2007) we do not recognize the species subgroup chirripoi.
Following Huber (1997) and Rivero (1964) , we divided the Venezuelan Cordillera de la Costa in two sectors: Central and Oriental (see Fig. 1 ). The Central Sector is divided into Cordillera del Litoral along the coast, and Cordillera del Interior, which runs parallel to the Cordillera del Litoral but inland. The Oriental Sector extends from the Unare depression to the western tip of the Paria Peninsula.
Morphology
Museum voucher specimens were preserved in 70% ethanol, and some of them were fixed in 4-10% formalin. For the description of morphological and color characteristics we follow Cisneros-Heredia and McDiarmid (2007) , Flores (1985) , Lynch and Duellman (1973) , and Señ aris and Ayarzagü ena (2005) . Diagnostic characters were arranged according to Cisneros-Heredia and McDiarmid (2007) . Terminology for webbing follows Savage and Heyer (1967) as modified by Guayasamin et al. (2006) . Institution abbreviations are those of Frost (2007) , but with the addition of MCNC, Museo Ciencias Naturales Caracas, Venezuela. Specimens examined are listed in the Appendix.
With a digital caliper we measured, to the nearest 0.01 mm, snout-vent length (SVL), head length (from rictus to tip of snout), head width (at level of rictus), shortest interorbital distance, eye diameter (horizontal), distance from anterior margin of eye to snout tip, width of the terminal disk of the third finger, femur length (distance from the middle of the cloacal slit to the femur-tibia articulation), tibia length (from the femur-tibia articulation to the tibia-heel articulation). Throughout the text, the observed range for each measurement for each species is followed by mean 6 standard deviation.
Color characteristics were noted from live individuals, photograph collections, descriptions, and photographs in the literature (Cannatella and Lamar, 1986; Rivero, 1968; Señ aris and Ayarzagü ena, 2005) .
Bioacoustics
We recorded frog vocalizations in the field with a Sony WM D6C tape recorder and a Sennheiser Me 80 directional microphone. The sounds were digitized and edited at a sampling frequency of 44.1 KHz and 16 bit resolution with a Delta 66 digitalizing board and Peak 3.2 software in an Apple Macintosh computer. We also analyzed the recordings of the advertisement calls of Hyalinobatrachium orientale tobagoense included in Read (2001) . All calls were edited with Audacity 1.2.6 for MacOS X (Mazzoni and Dannenberg, 1999) . The software Praat 4.5.02 for MacOS X (Boersma and Weenink, 2006 ) was used to obtain numerical information and to generate audiospectrograms and oscillograms. Frequency information was obtained through Fast Fourier Transformations (FFT) (width, 1024 points).
Genetic Analyses
We considered two different criteria to delineate species boundaries using DNA data: monophyly and genetic distances (de Queiroz 1998). The first of these approaches assumes that evolutionarily independent lineages (species sensu Simpson, 1961, and Wiley, 1978) normally become reciprocally monophyletic after a long time in isolation. The second assumes that genetic variation within a species tends to be small and does not overlap variation among species.
We genetically analyzed six specimens of Hyalinobatrachium orientale from different localities (see Appendix): three from the Oriental Sector, two from the Cordillera del Interior and one from the Cordillera del Litoral. We also include two sequences of H. fragile, the only species in the Cordillera de la Costa that also has a transparent pericardium. Monophyly of the H. fleischmanni Group, which includes these species, has been supported by Guayasamin et al. (2006) , Guayasamin et al. (2008) , Ruiz-Carranza and Lynch (1991; 1998) and citations therein. We used H. anthistenesi Goin to root the phylogenetic trees.
Genomic DNA was extracted from Lairds buffer or ethanol-preserved tissues using a standard phenol-chloroform extraction protocol (Sambrook et al., 1989) . A fragment of approximately 850 bp of the mitochondrial ribosomal gene 16S was amplified and sequenced using previously described primers (16SC-59 and 16Sbr-39) and PCR conditions (Hillis et al., 1996) . This fragment performs better than COI for amphibian species identification through DNA barcodes (Vences et al., 2005a,b) and has been broadly used in amphibian phylogenies (e.g., Darst and Cannatella, 2004; Frost et al., 2006) . PCR products were visualized in agarose gels and sequenced in an ABI 3730xl Genetic Analyzer (Applied Biosciences). Sequences from heavy and light strands were compared to generate a consensus sequence for each specimen using Sequencher 4.1 (Gene Codes Corp., 2000). Three sequences (EU447289-91) were graciously provided by J. M. Guayasamin and J. ValeraLeal. Sequences were aligned in CLUSTAL_X (Thompson et al., 1997) using default parameters. To allow repeatability and to avoid introducing subjective hypotheses of homology, sequences were not aligned by hand. We used PAUP* 4.0b10 (Swofford, 2002) to calculate uncorrected pair-wise distances (p). The same program was used to construct a neighbor joining phylogenetic tree (using uncorrected p distance) and for an exhaustive search of the most parsimonious tree. The support of the internal nodes in the trees was assessed using 5000 and 1000 nonparametric bootstrap pseudoreplicates for the neighbor joining and parsimony analyses, respectively.
RESULTS
Morphology
Specimens from the Oriental Sector and the Cordillera del Interior had very similar external morphological characters and morphometric ratios (we did not have access to material from Tobago and Cordillera del Litoral). However, two qualitative characters allowed their separation (characters of specimens from the Oriental Sector in parentheses): (i) presence of glands on the lateral fringes of fingers-except internal fringe of Finger III-and on the membranes between the fringes in males (absent); (ii) absence of big melanophores (present in 50% of specimens examined). However, we refrain to use them as unambiguous characters because these glands could be dependent on sexual activity and/or preservation state of the specimens, and dorsal coloration variability of specimens from the Oriental Sector encompassed that of those from the Cordillera del Interior.
The morphometric comparison of the two populations (Table 1) showed that the range of the ratio values overlapped to some degree in all but one proportion: eye diameter/head length. However, in spite of our small sample size (particularly for specimens from the Cordillera del Interior) an unequal variance t-test indicated differences between males from the different populations in head length/SVL (sample sizes indicated as subindexes: t 10, 3 5 3.145, P 5 0.023), eye diameter/head length (t 10, 3 5 23.973, P 5 0.002), and disc of Finger III/eye diameter (t 10, 3 5 3.040, P 5 0.020). Furthermore, a principal component analysis of morphological proportions in males discriminated specimens from the Cordillera del Interior from those of H. orientale (Oriental Sector) and H. fragile (Fig. 2) . The first two components explained 63.7% of the variance. Component 1 was most influenced by head proportions (head width/head length and head length / SVL), while Component 2 by proportions of some head elements (eye diameter/head length and eye-to-snout/interorbital distance) ( Table 2) .
Bioacoustics
The calls recorded at Cerro Platilló n in the Cordillera del Interior (n 5 9, one specimen) were clearly different from those of the Oriental Sector (n 5 15, five specimens) and Tobago (n 5 13, two specimens) (Table 3, Fig. 3 ). However, differences between the calls of the individuals from Oriental Sector and Tobago were slight, and the values of most of the studied parameters overlapped. The advertisement calls from Cordillera del Interior were shorter (0.17-0.20 s, 0.18 6 0.01) and had a lower dominant frequency (3382.63-3467.78 Hz, 3434.67 6 41.38). The calls also had a well-defined structure with maximum amplitude at the beginning of the call. Although more variable, the calls from Tobago and the Oriental Sector, were longer (Tobago: 0.21-0.30 s, 0.23 6 0.02; Oriental Sector: 0.19-0.38 s, 0.24 6 0.06) and had a higher dominant frequency that never went under 4000 Hz (Tobago: 5341.12-5468.85 Hz, 5390.28 6 45.51; Oriental Sector: 4574.75-5055.36 Hz, 4819.28 6 162.32). Interestingly, the call structure of these was somewhat variable in amplitude and modulation, with some calls being slightly pulsed (Fig. 3B-D) .
Genetics
Although no sample from Tobago could be analyzed, the three populations from the Cordillera de la Costa did not form a monophyletic group, and Hyalinobatrachium fragile was nested among samples from the Cordillera de la Costa (Fig. 4) . The samples from the Cordillera del Interior were more closely related to H. fragile than to sequences from the Oriental Sector (where the type locality of H. orientale is situated), and the sequence from the Cordillera del Litoral is sister to the remaining sequences. The genetic distances (Table 4) suggest that each of the three different regions from the Cordillera de la Costa actually represents a different species, with zero intrapopulation distances and interpopulation distances around 6%.
Based on these results, we consider Hyalinobatrachium orocostale from the Cordillera del Interior to be a valid species and resurrect it from synonymy with H. orientale.
SPECIES ACCOUNT Hyalinobatrachium orocostale
new combination (Fig. 5 ) Centrolenella orocostalis. -Rivero, 1968: 305.
Centrolenella orientalis. -Cannatella and Lamar, 1986:311. Hyalinobatrachium orientalis.-Ruiz-Carranza and Lynch, 1991:24. Hyalinobatrachium orientale.-Myers and Donnelly, 1997:16. Diagnosis.-This species is placed in the genus Hyalinobatrachium because it has a bulb-shaped liver and males lack a humeral spine (Ruiz-Carranza and Lynch, 1991; Duellman and Señ aris, 2003) . The following combination of characters distinguishes H. orocostale from other species of the genus: (1) dentigerous process on vomer and vomerine teeth absent; (2) snout truncate in dorsal and lateral view; (3) tympanum covered by skin (not visible through skin); (4) dorsal skin finely shagreened; (5) ventral skin granular, post cloacal warts and folds enameled; (6) parietal peritoneum and pericardiaum transparent, hepatic and visceral peritonea white; (7) bulb-shaped liver; (8) humeral spine absent; (9) hand webbing III 2 2 -2 IV, absent between Fingers I and II and basal between Fingers II and III ; (10) foot webbing I 2 2 -2 2 II 1 -2 1/2 III 1 2 -3 IV 3 -1 2 V; (11) ulnar and tarsal folds weakly enameled; (12) nuptial excrescence formed by group of glands on Finger I (Type V, these glands extend to the lateral fringes and membranes of the other fingers), glands slightly visible in the webbing between toes; (13) when adpressed, Finger I longer than II; (14) eye diameter larger than width of disc on Finger III; (15) in life, dorsum lime green with small yellow spots and minute melanophores, bones white; (16) in preservative, dorsum cream with minute dark melanophores; (17) We assign Hyalinobatrachium orocostale to the H. fleischmanni Group (Ruiz-Carranza and Lynch, 1991; 1998) because the species lacks vomerine teeth, deposits eggs underneath leaves and has white bones in life, transparent parietal and pericardial peritonea, and white visceral and hepatic peritonea. Centrolenids from the Cordillera de la Costa are isolated from those in other areas (Andes, Central America and the Guiana Shield) by unsuitable habitats and all the species in this area are endemics (Señ aris and Ayarzagü ena, 2005). Hence, the most similar species of the fleischmanni Group that inhabit the same area are H. fragile and H. orientale. Hyalinobatrachium fragile has a rounded snout in dorsal view (truncate in H. orocostale), most specimens (72%) have 3-11 big melanophores on the dorsum (only minute melanophores), and there were differences (unequal variance ttest) in males' head length/SVL (t 16, 3 5 5.281, P 5 0.005), eye diameter/head length (t 16, 3 5 23.743, P 5 0.005), disc of Finger III/eye diameter (t 16, 3 5 3.734, P 5 0.04), and femur length / SVL (t 16, 3 5 4.877, P 5 0.007) ( Table 1) ; Hyalinobatrachium orientale from the Oriental Sector lacks glands on the lateral fringes of fingers and the membranes between them (present in H. orocostale) and some specimens-about 50%-have big melanophores (absent); additionally, males of Hyalinobatrachium orientale had larger eye diameter/head length (t 10, 3 5 23.973, P 5 0.002), smaller head length/SVL (t 10, 3 5 3.145, P 5 0.023), and disc of Finger III / eye diameter (t 10, 3 5 3.040, P 5 0.020) ( Table 1) .
The advertisement calls of Hyalinobatrachium orientale, from both Tobago and the Oriental Sector, are clearly different from the one of H. orocostale in their dominant frequency, which is never under 4500 Hz (, 3500 Hz in H. orocostale), and have a mean duration of 0.239 s 6 0.055 in the Oriental Sector (n 5 15) and 0.230 s 6 0.002 in Tobago (n 5 13) (in H. orocostale mean 5 0.183 s 6 0.007; n 5 9). The advertisement call of H. fragile remains undescribed.
Color in life.-Dorsal surfaces lime green with small yellow spots, green areas dusted with minute melanophores not extending throughout fingers and toes except base of Finger IV and Toe V, tip of fingers and toes yellowish; iris golden with sparse dark flecks; skin of flanks and ventral surfaces translucent; enameled ulnar and tarsal folds as well as post cloacal warts and folds; parietal peritoneum and pericardium transparent, hepatic and visceral peritonea white; gall bladder is greenish; peritonea covering kidneys, gonads and urinary bladder transparent.
Color in preservative.-Dorsal surfaces cream, dusted with purple brownish melanophores; small cream spots free of melanophores; ventral surfaces whitish cream; peritonea as described above, although gall bladder cream.
Distribution and ecology.-This species is known from the type locality: Hacienda Picachito, Cerro Platilló n (09u519230 N, 67u30909.10 W; 1200-1500 m), Cordillera del Interior, Guárico, Venezuela. We suspect that it occurs in neighboring streams of the Cordillera del Interior. In 1994, C. Molina collected two specimens (MCNC 7806-7) from Hacienda La Canopia, between Villa de Cura and San Juan de los Morros, Aragua. This locality is approximately 20 Km away from the type locality and we assume that the specimens are H. orocostale. However, the Cordillera del Interior is isolated from the Cordillera del Litoral by semi-arid valleys such as the Campos de Carabobo and the valleys of Aragua and Tuy; hence, we suspect that its distribution is restricted to this mountain chain.
We found Hyalinobatrachium orocostale along a medium size stream surrounded by pristine vegetation. A single specimen (MHNLS 17297) was collected on 19 August 2004, calling on the underside of a leaf at night (21:20 h). We did not find any egg mass close to it. Although we were unable to catch more specimens (they were higher than 10 m in the canopy), the density of calling males was high, approximately 5-10 males along 25 m of stream. Additionally, at 21:30 h we found eight egg clutches, with 26-45 eggs each, on the underside of leaves of the same plant (approximate distance between egg masses 2-30 cm), about 3 m above the running water and 30 m away from the collected specimen. The clutches were in different states of development. Those in early stages were in a single layer; however, those that were in advanced stages formed a multilayer due to growth of embryos (see Ruiz-Carranza and Lynch, 1998; CisnerosHeredia and McDiarmid, 2007; Altig and McDiarmid, 2007) . We visited the clutches the two following nights and we did not find any guarding parent. However, Rivero (1968) indicated that the holotype was calling over an egg clutch.
Remarks.-The paratype series designated by Rivero (1968) offers problems, the first being the location of the specimens. In the original description, Rivero (1968) cited all the paratype series (seven specimens) as housed at the UPRM. However, at least some of this material has been moved to different institutions and these changes have remained unnoticed in relevant references. The paratypes cited by Rivero (1968) Rivero (1968) did not include this specimen in the original description, he donated it to MHNLS specifying that it was a paratype. Because this female was donated just after collection, we concluded that Rivero did not have a museum number for the specimen at the particular time of manuscript preparation and decided not to include it in the type series for this reason.
DISCUSSION
Our data do not support recognition of a broadly distributed Hyalinobatrachium orientale as suggested by Señ aris and Ayarzagü ena (2005) . We found clear differences in the morphology, advertisement calls and genetics of the populations studied. Hence, we formally resurrect H. orocostale and limit its distribution to the humid mountainous forests of the Cordillera del Interior in the Cordillera de la Costa, Venezuela. Our genetic data suggest that the populations of the Cordillera del Litoral represent a different evolutionary lineage (H. sp.), whose taxonomic description will be published elsewhere (J. Valera-Leal, personal communication). We consider the specimens from Tobago as part of H. orientale sensu stricto (Oriental Sector) based on advertisement call, morphology, and morphometric similarities (this work; Cannatella and Lamar, 1986) . Nevertheless, its taxonomic status deserves further study.
We show how integrative taxonomy can establish species limits for species groups where morphological differences are subtle. Many cryptic species of anurans may exist (Bickford et al., 2007) , and integrative approaches to taxonomy will aid researchers develop a more accurate estimation of alpha diversity in this group.
